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Preface 


The diagrams in this manual are organized by operation. 
Thus, the details of machine operations are presented in 
operational flowcharts, most of which are two-level. The 
general flow path of the two-level charts (heavy line) shows 
the major objectives of an operation or instruction. De- 
tailed flow paths of major objectives are located to the 
right of the general flow path. 


Positive-logic diagrams support the operational flowcharts. 
They show logical circuit operation without regard to 
signal levels. Most of the logic diagrams in this manual are 
not block-for-block representations of Automated Logic 
Diagrams. Rather, only blocks necessary for a logical 
understanding of the operation are shown. 


A knowledge of MFCU operations and CPU operations is 
necessary to understand MFCU attachment operations. 


Other manuals needed to understand and service the 5424 
MECU attachment are: 


1, The /BAf 5424 MFCU Attachment, Field Engineering 
Theory of Operations Manual, SY31-0253. 

2. The JBM 5424 MFCU, Field Engineering Theory of 
Operations Manual, SY31-0213, 

3. The JBM 5424 MFCU, Field Engineering Maintenance 
Manual, SY31-0230. 

4, The JBM 5410 Central Processing Unit, Field 
Engineering Theory of Operations Manual, 
SY31-0207. 

Se The IBM 5410 Central Processing Unit, Field 
Engineering Maintenance Diagrams Manual, 
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6. The JBM 5410 Central Processing Unit, Field 
Engineering Maintenance Manual, S¥31-0244. 
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Changes are continually made to the specifications herein; any such change will be 
reported in subsequent revisions or Technical Newsletters. 


A form for reader’s comments is provided at the back of this publication. If the form 
has been removed, comments may be addressed to IBM Corporaticn, Product Publications, 
Department 245, Rochester, Minnesota 55901. 


© Copyright International Business Machines Corporation 1969, 1971 


Abbreviations 


ALD 
ALU 
APL 
CPU 

CS 

CSR 

DA 

DBI 
DBO 
EBCDIC 


FEMD 
10 

IPL 
LIO 
LSR 
MAP 
MFCU 
MPCAR 
MPTAR 
MRDAR 
MST 
NPRO 
PC 

PG 
POR 
SAR 
SIO 
SIOC 
SLD 
SNS 

SS 

TIO 

XR 


Automated Logic Diagram 
Arithmetic and Logical Unit 
Advance Program Level 

Central Processing Unit 

Cycle Steal 

Cycle Steal Request 

Device Address 

Data Bus In 

Data Bus Out 

Extended Binary Coded Decimal 
Interchange Code 

Field Engineering Maintenance Diagrams 
Input-Output (1/0) 

Initial Program Load 

Load Input-Output 

Local Store Register 

Maintenance Analysis Procedure 
Multi-Function Card Unit 

MFCU Punch Data Address Register 
MFCU Print Data Address Register 
MFCU Read Data Address Register 
Monolithic System Technology 
Non-Process Run Out 

Parity Check 

Parity Generate 

Power on Reset 

Storage Address Register 

Start Input-Output 

Serial 1/O Channel 

Solid Logic Dense 

Sense Input-Output 

Single Shot 

Test Input-Output and Branch 
Index Register 


Contents 


DIAGNOSTIC TECHNIQUES 
Diagnostic Techniques . 
ERROR CONDITIONS 


MEFCU Errors : 
Hopper Check and F Bee Check 1. 
Feed Checks 2, 3, und 4 

Feed Checks 5 and 6 

Feed Checks 7, 8, and 10 

Feed Checks 9 and 11 

Feed Chekcs 12 and 13 

Feed Checks 14 and 16 

Feed Checks 15 and 17 

Feed Checks 18 and 19 

Feed Check 20 

Print Data Check ‘ 
Print Clutch Check (Part 1 at 2} 
Print Clutch Check (Part 2 of 2 


UNIT DATA FLOW 

MFCU Attachment Data Flow 
Read Data Flow 

Punch Data Flow 

Print Data Flow . 

Card Feed Path (Part 1 of 2» 
Card Feed Path (Part 2 of 2) 


FUNCTIONAL UNITS 

MFCU Clock : 

Data Bus Out Register and DBO ) Parity Check 
DBI Parity Generator 

DBI Assembler 

J-Q Register . 

Read-Punch-Punch Check Counts 

ear Count Emitter and Decode 

Punch CB Counter ; 
Punch Step CB Counter and Decode : 
Punch Data Register 

Print Cycle Steal Request Counter 

Print 1/O Cycle Counter 

Print Clock ‘ 

Print Clock Decode . : 

Print Data Shift Register (Part 1 © 2) 
Print Data Shift Register (Part 2 of 2) 
Print Data Register (Part | of 2) 

Print Data Register (Part 2 of 2) 

Print Data Counter . : 

Load Print Data Rank 2 Counter d 

Print Character Counter and Decode . 
Print Side Motion Counter and Decode 
Corner Kick Counter 

Motor Stop Counter 

Feed Check Time Base Counter aad Decode, 
Pick Print Stepper Clutch Delay Counter 
Up-Down Counter be ote ibe “ce 


Contents 


1-105 


2-005 
2-010 
2-015 
2-020 
2-025 
2-030 
2-035 
2-040 
2-045 
2-050 
2-055 
2-060 
2-065 
2-070 


3-005 
3-010 
3-015 
3-020 
3-030 
3-031 


4-005 
4-010 
4-015 
4-020 
4-022 
4-025 
4-027 
4-030 
4-035 
4-040 
4-045 
4-050 
4-055 
4-060 
4-065 
4-067 
4-070 
4-072 
4-074 
4-075 
4-080 
4-085 
4-090 
4-095 
4-100 
4-105 
4-110 


Nine Stage Time Delay Counter 

Hopper Counter and Decode 

Wait Counter and Decode . 

Corner Counter and Decode 

Stacker Transport Counter 

Stacker Selection Registers (Part | of 2. 
Stacker Selection Registers (Part 2 cf 2) . 
MFCU MeterControl . . . 1. . 


OPERATIONS 

LIO Instruction (Part 1 of 2) 

LIO Instruction (Part 2 of 2) 

Test 1/O and Branch (Part i of 3) 

Test 1/O and Branch (Part 2 of 3) 

Test 1/O and Branch (Part 3 of 3) . 

Sense Instruction, I-Op and I-Q Cycles (Part 1 of ot 
Sense Instruction, E-B Cycles (Part 2 of 7) 

Sense Instruction, E-B Cycle Timing Chart (Part 3 of v 
Sense Instruction (Part 4 of 7} ee a BS 
Sense instruction (Part 5 of 7) 

Sens Byte Generation (Part 6 of 7) 

Serse Byte Generation (Part 7 of 7) 

Start 1/0 Flowchart (Part 1 of 4) . 

Start I/O Timing Chart (Part 2 of 4). 

Start 1/O Channel Controls (Part 3 of 4) . 

Start I/O MFCU Attachment Controls (Part 4 of 4) 
Read/Feed Operation Flowchart (Part 1 of 8) 
Read/Feed Operation Flowchart (Part 2 of 8) 
Read/Feed and Read Data Controls Timing Charts 
(Part 3 of 8) 

Start Read and Read Gear Epsitter Boiniter Timing 
Chart (Part 4 of 8) . 

Read Cycle Steal Request Timing Chart (Part 5 of 8) 
Read/Feed Controls (Part 6 of 8) . 

Read/Feed Data Controls (Part 7 of 8) 

Read Cycie Steai Request (Part 8 of 8} 

Punch/Feed Operation Flowchart (Part 1 of 11) 
Punch/Peed Operation Flowchart (Part 2 of 11) 
Punch/f eed Operation Flowchart (Part 3 of 11) 
vunch/Feed Timing Chart (Part 4 of 11) 

Punch Data Cycle Steal Request (Part 5 of 11) . 
Punch Check Cycle Steal Request (Part 6 of 11) 
Attachment Punch Operation 

Timing Relationship Between Abtachiient Pineh Step. 
Count and MFCU Mechanics . . . . . ww 
Punch/Feed Controls (Part 7 of 13) : 
Punch Data Cycle Steal Channel Controls (Part 8 of iD 
Punch Data Cycle Steal 5424 Controls (Part 9 of 11) 
Punch Check Cycle Steal Channel Controls 

(Part lO of 11). 

Punch Check Cycle Steal 5424 Conteole. 

(Part li of 11) . rare He nck 
Print/Feed Operation Flowchart (Part 1 of 14). 
Print/Feed Operation Flowchart (Part 2 of 14) . 
Print/Feed Operation Flowchart (Part 3 of 14) . 
Print/Feed Operation Flowchart (Part 4 of 14) . 
Print/Feed Print Timing Chart Al Model Machine 





4-115 
4-120 
4-125 
4-130 
4-135 
4-140 
4-145 
4-150 


5-005 
5-010 
5-015 
5-020 
5-025 
5-030 
5-035 
5-040 
5-045 
3-050 
5-055 
5-060 
5-065 
5-070 
5-075 
5-080 
5-685 
5-090 


5-095 


5-105 
5-110 
5-120 
5-125 
5-130 
5-135 
5-140 
5-145 
5-150 
5-155 
5-160 
5-166 


5-168 
3-170 
5-175 
5-180 


5-190 


5-195 
§-200 
5-205 
5-210 
$-215 
5-217 


Print Operation Ai Model Machine : 
Print/Feed Print Timing Chart A2 Model Machine ‘ 
Print Operation A2 Model Machine 

Print/Feed Print Load LSR Cycle Steal Request: 
(Part 6 of 14) : 
Print Data Cycle Steal Requedt Tinie Chart 

(Part 7 of 14) 


Print/Feed Buffer 1 or 2 lind Paar: 4 Lines (Part 8 of 14) 3 


Print/Feed Operation Feed Controls (Part 9 of 14) 
Print/Feed Print Clock Controls (Part 10 of 14) 
Print/Feed Print Load Cycle Steal Request Controls 
(Part il of 14) . ‘ 
Print/Feed Cycle Steal Channel Gonwer 1 

(Part 12 of 14) . : 

Print/Feed Cycle Steal Channel Gentes: 2 

(Part 13 of 14) . ‘ ¢ 
Print/Feed Cycle Steal 5424 Conga (art i4 of 14) 
NPRO Operation Flowchart (Part i of 3) 

Start NPRO Operation (Part 2 of 3) 

NPRO Card Feed Controls and Hopper Controls 
(Part 3 of 3) a Se we eke Me Cee ee & 


Motor Controls (Part 1 of 3) 

Motor Controls (Part 2 of 3) 

Motor Time Out Start/Stop Controls (Part 3 of 3). 
IPL Operation Flowchart (Part 1 of 3) 

IPL Operation (Part 2 of 3) 

Program Load Key IPL Operation (Part 3 of 3). 


Diagnostic Read/Feed Operation Flowchart (Part 1 of 9) . 
Diagnostic Read/Feed Operation Flowchart (Part 2 of 9). 
Diagnostic Read/Feed Operation Flowchart (Part 3 of 9). 
Diagnostic Read/Feed Operation Flowchart {Part4 of 9) . 


Diagnostic Read Cycle Steal Request Timing Chart 
(Part 5 of 9) . : bo Ke aa. © 
Diagnostic Read Cycle Steal Request Tinie Chart 
(Part 6 of 9). 

Diagnostic Read-Punch Opention (Part 7 of 9). 
Diagnostic Read Cycle Steal Request (Part 8 of 9). 
Diagnostic Read-Punch Data Transfer (Part 9 of 9) 
Diagnostic Punch/Feed Operation Flowchart 

(Part 1 of 8) td, md 

Diagnostic Punch/Feed Ousiion Plowehut 

(Part 2 of 8) 

Diagnostic Punch/Feed Opertien Flowehart 

(Part 3 of 8) : 
Diagnostic Punch/Feed Tining ‘Chart (Part 4 ‘of 8) 3 
Diagnostic Punch/Feed Timing Chart (Part 5 of 8). 
Diagnostic Punch Check Cycle Steal Channel Controls 
(Part 6 of 8) a‘ 

Diagnostic Punch/Feed Address Moditication and Check 
Data Transfer (Part 7 of 8). 

Diagnostic Punch Check Cycle Steal 5424 Gen fois 
(Part 8 of 8) rae 

5424 Attachment Panel and Powe Dist ehunon. 


5424 FEMDM 


5-219 
5-220 
5-224 


5-225 


3-230 
5-235 
5-240 
5-245 


5-250 
5-255 


5-260 
5-265 
5-275 
5-280 


5-290 


3-295 
$-297 
5-306 
5-315 
5-320 
5-325 
5-330 
5-335 
5-340 
5-345 


5-350 
5-355 
5-360 
5-365 
5-370 
5-380 
5-385 
5-390 
5-395 
5-400 
5-405 
5-410 


5-415 
6-005 


(2/71) 


2/71) Legend 


Negator inverts logic on : AR Amplifier Arithmetic Legic Unit Decision Block on 
positive logic diagrams : ‘ a Flowchart 
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Minus polarity 
= SS Indicator 
sit wie f : Indicates the func- 
Av ood e ee be 2.5 usec Single Shot pee tion described can 
active for "C" to be set 4 : 
: c D A positive shift on be found in the ALDs 
achive —— P| SS "C" causes a 2,5 : on this page 
usec shift on "D" "Print! 
i 
rocessing block on 
: E “pe a en : Exclusive OR a flowchart 
OR D" or “E" active Either "A" or "B" 


Single quotes in the 

block indicate a line 
name, flip latch, or 
flip flop name 


Keying Operation on 
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E causes "F" to be active On-Page A must be active for 
Connector £ "C" to be active, 
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On-Page 
wo Connector 5-40A6 Read 


"C" will be inactive, 
Die line originates 
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Flip flops or flip 
latches that are 


shown on another this way ona 
diagram y Punch 5-41B3 


diagram A 
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Indicates line enters Diagram 5-41 


et zone coordinates B3. 





Terminal onc 


Joining Li flowchart 
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Parity Generator 
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Input to 0 generated. ) 
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Lines cross over 


There are 8 latches but do not join 


in register (0 through 7) 





Me aig 


Input bus to 
all bits 


Indicates o shift is required after 
the gate pulse is present. 
All bits transfer out 


Refers to another 
Flowchart 


Clock denotes CPU clock 


8 lines on bus 
bits 0,1,2,3, 
4,5,6and7 





Only bit 7 
transfers out ® Indicates a point that can be 


td probed on back~panel pins. 
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Register Reset 
® Ina line name means "And" 
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Diag x-x Off-Page Connector 


lnterface-Conniector (xx - - = x) Indicates a line name that 
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rs explain the function of a 
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line or block 
Diag X-X on referenced page 
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tests applicable to the 5424 attachment 
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Diagram 2-010. Hopper Check and Feed Check 1 (2/71) 2010 
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Feed Check Feed Check Control 2 Hopper Count 30 plus 
Time Base 
Counter 
Read Inject Check Gete Hopper Hopper 
A Fu MEFCU Clock B ; Eject: Gate Check Hopper Check ip HPR (5424) 
Diag 2-015 ’ ] _ 
Hopper Check Hopper | or 2 Hopper Check 
FB85I L 
POR or NPRO a Reset Feed Check , ? 
AR FB85! 
[or | % lor Hopper Eject Check Gate 
> FB82I ‘ — FT 
not) Inhibit NPRO Herre 






Hopper Check 


FB212 : Jor 


Diag 2-015 
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g Motor Ready 2 Reset Feed Check ~ FBBSI 
7 Feed Check | 1 (5424)- 
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Motor Ready 2 
MFCU Clock B 


* Reset Feed Check 
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Hopper Count 16 Plus Ey: 
Start Key : A Reset Hopper Check i 


Model A 1 0 20 40 60 80 100 120 140 160 180 200 
|. Hopper Check - Hopper cell not covered Time (ms) 
D by hopper count 30 





Model A 2 0 10 20 30 40 50 60 70 80 90 100 
2. Feed Check 1 - Hopper Eject Check 


a. Hopper cell was not Hopper | or 2 
covered by count 16 
(35.8-38.4 ms) 


Hopper Cell Dark 
b. Card covered hopper 


cell after count 30 
- Hopper Eject Check Gate 


Read Inject Check Gate 





(counter reset with hopper cell 
0 344,54 6177879 16 30; — dark and starts counting again) 
Hopper Counter . : chr rechanesr eect reenter prac tge rer ee eas hcmnnceatermin bs cL ‘ : 





See feed checks 2 and 4 


2 v 3 Vv 4 V 5 vy 6 vy 7 v 8 v 9 


Hopper Count 21 Plus 












Feed Check Control 1 Hopper Cell Dark Nerprcaes, 
eg Nnice Feed Check 2 2 (5424) 
Feed Check peed Check. Connell | Read Inject Check Gate [al IND 
A Time Base Hopper Eject Check Gate EL g FL 
Counter 
Diag Reset Feed Check 
arise FBazI 
F882 
(ft » Hopper Eject Check Gate Read Inject Check Gate Fu» 
> Diag 2-010 Feed Check Control 2 MFCU Clock B Diag 2-010 
Read Stat Ck Feed Check 3 3 (5424) 



















{not) Feed Cycle 





(not) Feed Check 





Reset Feed Check 






All Read Cells Dark 






FB82i 
Motor Ready 2 





Hopper Count 12 Plus 


Feed Check Control | 


Read Eject Read Eject Chk 
Leading Edge A y i 
»> geht g FL Feed Check 4 A (5424) 





IND 
Reset Feed Check 


Reset Feed Check 
FB82i 
TE. of T.E. (not) Stacker Count 1-25 A 






POR or NPI 
= 





Trailing Edge 






Hopper 1 or 2 






/ “Model A 1 
Feed Check 2 - Read Inject Check Time (ms) 
Will occur if all read cells ore 
not covered at count 21 (51.2-53.8 ms) Model A 2 


> after hopper cell was covered. 
Hopper Check Gate 





Feed Check 3 - Read Station Check 
Occurs if all cells are dark anytime Hopper Cell Dark 
other than a feed cycle. 


Read Inject Check Gate 
D Feed Check 4 - Read Eject Check 
Checks that card left read station 
(28.2-30.7 ms) count i2 after it~ Leading Edge 
entered read station. x 


Read Eject Check Gate 


> Trailing Edge 


Hopper Counter (Feed Check 2) 


| 
Hopper Counter (Feed Check 4) seinem easiest Soa 3/0. | I saab’ aS 3 Apo 7 BLS 8 90 ye al i ist | 134 | 


Read Eject Check Gate must be reset prior to count 12. 

Counter continues to run until count 19. Count 19 turns 

on ‘End Feed Cycle’ which then resets ‘Card on Way to Wait’. 
Counter resets with reset of ‘Card on Way to Wait'. 





Ext uaanca eka eee 


Diagram 2-015, Feed Checks 2, 3, and 4 5424 Attachment FEMDM (2/71) 2-015 


Diagram 2-020. Feed Checks 5 and 6 


2 y 3 


B fAu» Punch Reg | or 2 S.S. 


Diag 5-170 


[es » Punch Station Check Gate 


Diag 2-030 


Feed Check 5- Early Wait Eject Check 
i) Checks that the card does not cover 
pre-punch cell unless the punch reg 
pressure roll has been energized. 


Feed Check 6 - Wait Eject Check 
Oceyrs if the pre-punch cell is 
not covered (48.6-51.2 ms-count 20) 
p> ofter the pick of pressure rofl | or 2- 


Note: No punch operation 





Punch Reg PR. 1 or 2 


Reset Feed Check 





Pch &j or Transport Ck Gate 


Punch Reg P.R. | or 2 S.S. 


(not) Punch Execute 





Wt Ej Gate 


40 












v 7 Vv 8 Vv 


Condition Pch Step Ctr Adv 


(wait eject gate) 


60 


Pre-Punch Cell Dark 
(not) Execute NPRO Timed 


(not) Feed Check 





80 









POR or NPRO fe Reset Feed Check 
FB82i 
Feed Check Contro! 2 : 
FB831 
Model A-1 0 20 
Time (ms) 
Model A 2 0 fo 


Punch Reg P.R. ! or 2 SS 


Wait Eject Check Gate 


Pre-Punch Cell Dark 


Punch Station Check Gate 


Wait Counter 


20 


O 7142434445 J6[7]8 


30 





40 














ap pas ECR ed Check 5) 





Reset Feed Check 


FB88i 


Wait Count 20 Plus 


Wait Eject Chk 
a Feed k 6 (5424) 
Wait Eject = Wait Eject Check Gate Bs: —— 


Reset Feed Check 





~FB83I 


5 (5424) 
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FB83I | 
| Wait Eject Check Gate fe) 
Diag 2-030 
5-170 
100 120 140 160 














50 60 70 &0 





20 (counter is reset when pre-punch cell goes dark to turn on Punch Station Check Gate) 


Punch Check CB 


not) Feed Check 


Feed Check 7 - Punch Inject Check 
Occurs if pre-punch cell is not 
covered by the card before punch step 
count 4. The card should be registered 
at the punch station by punch step count 
4 (40 ms after reg pressure roll pick). 
Note: Punch operation only 


Feed Check 8 - Punch Registration Check | 
Checks that pre-punch cell is covered 
ot stepper count 25 292 ms-column 21) 
Note: Punch operation only 


Feed Check 10 - Punch Registration Check 2 
Checks thot pre~punch cell is exposed 
at stepper count 27 ©5316 ms-column 23) 
Note: Punch operation only 


Diagram 2-025. Feed Checks 7, 8, and 10 
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Pch Inject Chk 
Punch Step Count 4 fe i * Feed Check 7 ae 7 (5424) 
Pre Punch Cell Lite * 
FB881 
Pch Reg's Chk | 
« Feed Check 8 8 (5424) 
p Count 25 Dw HAT og, IND 
FBS8I 


Pch Reg's Chk 2 


+ Feed Check 10 10 (5424) 
te 





Pre Punch Cell Dark * 


* 
A 
ja | Punch Step Count 27 


POR or NPRO Reset Feed Check FBS8I 
Mate had o 20 40 69 80 100 540 560 580 600 620 640 

Time (ms) ! ! 
Model A 2 0 10 20 30 40 50 270 280 290 300 + 1 


Punch Reg P.R. | or 2 


Pre Punch Cell Dark 


Punch Step CB 





Punch Step Counter 


Punch Check CB 


fez us. in duration 


5424 Attachment FEMDM 


(12/69) 


2-025 


Diagram 2-030, Feed Checks 9 and 11 


2 Vv 3 


Execute NPRO Timed 


[ER Wait Efect Check Gate 


Dieg 2-020 


Feed Check | 


Time Base 
Counter 


Diag 
4-100 


A Corner Station Check Gate 


Diag 2-035 


Feed Check 9 -Punch Station Check 
Checks that Pre-Punch Cell is exposed 
by count 18 (43.5-46.1 ms) ofter being 
covered. 
Note: No punch operation 


Feed Check li -Punch Transport Check 
Checks that Corner Cell is covered 
by count 22 (53.8-56.3 ms) after 
Pre-Punch Cell is exposed. 
Note: No punch operation 


Feed Check Control | 


Feed Check 





Control 2 


Wait Count 18 Plus 
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* P. I fl 1 
- Serie Poh Stat Ck | Feed Check 9 9 (3424) 
OR tation dice , IND ‘ 
Pre-Punch Cell Dark + ex Punch Station Check Gate Fi Sy 
* Fi 
i | | Keset Feed Check 
oat 
| FEES! Punch Station Check Gote 
x 
A : } Dieg 2-020 
| Diag 5-170 
i Wait Count 22 Pius 
- . pe Punch | Poh Xprr Ci feed P 
Pre-Punch Cell Life eae oa eae | cn Aert SE Feed Choc’ ti I (5424) 
Punch Transport Check Gate IND } 
Reset Feed Check 
FBE3I 
* 
A 
| Punch Transport Check Gcte 
oa eer eel EQ > 
Diag 2-035 
Diag 5-170 
Model A 1! @ 20 40 60 80 100 120 140 bo 180 
Time (ms) | 
. | \ 
Mcdei A 2 C 10 20 30 40 50 6c 70 20 9G 


Pre Punch Cell Dark 


Punch Station Check Gate 





Punch Transport Check Gate 


Corner Cell Dark 


Cerner Station Check Gate 





Wait Counter (pch station) 


c tl \2 13 pets 6] 7; 8,9 10,0 Pi2uisilé p's | } | 2 (resets with Corner Station Check Gate} 


Véait Counter (pch xport) 


Wait Count 24 plus 


Lift Pch Eject P.R. Pch Eject Ck 


Punch Eject « Feed Check 12 ne 12 (5424) 
s . Punch Step Count 37 a End Punch Cycle * Punch Eject Check Gate oF 


MFCU Clock A FL 


A Reset Feed Check 
Feed Check Control 2 


: FB841 
4 Corner Station Check Gate A FB84! 











Model A | 0 20 40 60 80 100 120 140 
Time (ms) [ja 
Model A 2 0 Te] 20 30 40 50 60 70 
B 
Lift Punch Eject P.R. =a 
Feed : 
Check End Punch Cycle |__(on approx 640 ns) 
Time Base 
Counter 
> Diag 4-100 Punch Eject Check Gate em 
Corner Cell Dark 
Corner Station Check Gate 
Cc Wait Counter O J1y 2731475 464748] 9110 18 24 (resets with 'Corner Station Check Gate') 





‘ Motor Ready 2 Pwrd 
Corner Stat Cor Stat Chk 
> Castes ‘orner Cell Lite Oe OMe spend Cheek 18 is 13. (5424) 


FL Corner Station Check Gate FL 
Feed Check Control 1 y Reset Feed Check 
; Punch Eject Check Gate Corner Cell Dark * A Corner Kick Delayed [OR] Reset Feed Check 
Punch Transport Check Gate jon FB84| FB841 
[Ea (reset on) Corner Station Check Gate . 


, 
\ ‘ Diag 2-030 


D Diag 2-030 


Feed Check 12 - Punch Eject Check 


Checks that corner cell is covered by 
count 24 @&61.5 ms) after punch stepper Model A 1 0 0 20 30 40 50 
count 37 (column 32). Time (ms) 
a Note: Punch operation only 
Model A 2 0 5 10 15 20 25 
Feed Check 13 - Corner Station Check Punch Transport Check Gate [iam 


Checks that card did not skew out of 
corner station. Checks that cell is still 


covered when corner kick delayed becomes active. Corner Cell Dark _ Bn 


Corner Station Check Gate eee 


Corner Kick Delayed pm 


Diagram 2-035. Feed Checks a2 and 13 5424 Attachment FEMDM (7/70) ~—- 2-035 


Diagram 2-040. Feed Checks 14 and 16 


2 YW 3 v 4 v 


i Non-Print Corner Kick 
A Corner Kick Delayed 
Feed Check Control 2 


Print Station Check Gate 


Time (ms) Models Al and A2 


Non-Print Corner Kick 
Corner Eject Check Gate 


Corner Kick Delayed 





Print Station Check Gate 


Corner Counter 


Corner Eject Check Gate 


WP Feed Check Control | 
> not) Non-Print_ Corner Kick 


Feed Check 14 - Corner Efect Check 
Checks that Corner Cell is exposed 
by count 13 (33 ms) after Corner 
D Kick Mag ts picked. 
Note: Not print operation, 


Feed Check Ié ~ Print Station Check 
Chocks Post Print Cell is covered 
by count 39 (95 ms) after Corner 


> Cell is exposed. 
Note: Not print operation, 


Time (ms) Models Al and A2 


Corner Cell Dork 


Print Station Check Gate 


(not) Post Print Cell Lite 


Corner Counter 


Corner 


= Eject 
A 
=. FL 


Reset Feed Check 


: 
: 
Fe87i 


(7/70) 2-040 


v 8 Vv 9 


Corner Count |3 Plus 


Corner Eject Check Gate 


Corner 


jt Ck 


[Apa 


* Feed Check 14 


0 | 14 (5424) 


Reset Feed Check 
FB87I 


30 35 40 








Print 


. % Station 
ROFL 


Reset Feed Check 
not) Post Print Cell Lite lone 


F887] 


Corner Count 39 Plus 


Print Station Check Gate 


50 60 70 


(counter is reset when Corner Cell Lite turns 
13 on Print Station Check Gate) 





rll Seb ONE Feel chacke 1b 
FL 


Reset Feed Check 


v0 | 16 (5424) 


F887] 


80 90 100 





(resets when Post Print Cell goes dark, 
Counter must be reset before count 39) 





Corner Cell Dork 





Prt Inject Ck 15 (5424) 






Print Clock 3 Feed Check [5 






(not} Feed Check 











POR or NPRO Reset Feed Check 


FBs8l 
Model A | 0 20 40 60 80 {00 
> Time (ms) pct nn errr 
: Model A 2 0 lo 20 30 40 50 


Corner Cell Dark ES 


Print Clock 





Corner Count 25 Plus 


m Print Ejt Ck 
| tn NSS. Feed Check 17 17 (5424) 


A 
* 
Print Eject Check Gate IND 
ED Print 4 Lines | 


FL 


Reset Feed Check 


Diag 5-245 Corner Count 22 Plus 4 
. FB871 
Last Print Clock : Print Eject 
FL 
(not) Post-Print Cell Lite ng F 
Reset Feed Check ort 
FB87I 
> : 0 20 40 60 80 ‘ 100 (20 140 160 180 200 220 
Feed Check 15 - Print Inject Gate Time (ms) Model Al and A2 { 
: Checks that corner cell is exposed = wR 
by print clock count 3 . 


Note: Print operation only Print Clock 22 
Last Print Clock (3 lines) g 


NCTE “ 





D Feed Check 17 - Print Eject Check 
Checks that card covers post-print Print Eject Check Gate 
cell by count 25 (72 ms) after 
print clack 22 for 3 lines of print 
or by count 22 (356 ms) after print (not) Post-Print Cell Lite 
clock 28 for 4 lines of print 





This feed check indicates thot card , (counter resets when Print Eject Gat ts 
> is early or late in covering post cell. Corner Counter (3 lines) CUTS Gee a 
If print stepper clutch fails to latch, : 123456789 25 
the cord is sent to the stacker before , ‘ - Print Clock 28 
check resulting in feed check 17. Last Print Clock (4 lines) a a ae Se 


Usually @ clutch check is also indicated 


Note: Print operation only Print Eject Check Gate 


E (not) Post-Print Cell Lite 





(counter resets when Print Eject Gate resets) 


Corner Counter (4 lines) iii aa iis Vaden aan aad elena! | 
123456789 22 


Diagram 2-045. Feed Checks 15 and 17 5424 Attachment FEMDM (7/70) = 2-045 


Diagram 2-050. Feed Checks 18 and 19 


2 W 3 


op Stacker Count | Stk Ct 1-25 
FL 
> oe Stacker Count 1-25 2 
Reset Feed Chec lor 
FB89) 


Feed Check 18 - Stacker Trensport Check 
> Checks that Post-Print Cell 
is exposed by count 32 
{less than 82 ms) 
ofter it was covered. 


Stacker Jam Check 
Checks that stacker rolls are 
turning when motor is running. 


Feed Check IY - 


Punch Step CB 


(7/70) 2-050 


Vv 4 Vv 5 W 6 v 7 W 8 Vv 9 


Feed Check Control 3 







ayn 


* Stacker Count | O 








Decode 


Stacker 
Transport 
Counter 


Stocker Count 2 





Stacker Count 1-25 


* 
(not) Post-Print Cell Lite , for 


* 


Feed Check Time Base 2 ‘* 
Motor Ready Z rl a p § 6 FFs 
Gate Stacker Counter Advance 









Gate Stacker Counter Reset 
N A (reset) Stacker Count 1-25 
Feed Check Control 2 
Reset Feed Check 
2 Feed Check I8 18 (5424) 
0 20 40 60 80 400 


Note: Feed check 18 is not latched. 
j Bit 32 on turns on feed check 18 and 
‘Feed Check’ degates feed check time, 
base Z thus leaving Bit 32 on until 
reset by 'Reset Feea Check’, 


Time (ms) Models Al and A 2 





{not} Post-Print Cell Lite 


gt 25) pict 32) 


£ {ct 1) 


Pepisi wining tear cabnccacuasae mate ene ee 


Stacker Counter 





Stecker Count 1-25 






Stacker Jam C8 | 

















Feed Check 19 


Stk Jam Ck 19 (5424) 
5 x = 


Motor Ready 2 , 











Punch Check CB, 









Stacker Jam CB 2 






POR or NPRO 


Stacker Jam CB 3 





Stacker Jom CB 4 








FB722 
Model A 1 0 2 4 é 10 12 14 Model A2 
Time (ms) LN Time {ms) 
E Stacker Jam CB E Roane eae EDS Seam Sauna naa Stacker Jam CB 


Punch Step CB 


Punch Step CB Duration Will Vary 
With C8 Air Gap Adjustment 
Punch Check CB er a ee t 
-64 us. in Duration 


Punch Step CB Duration Will Vary 
With CB Air Gap Adjustment 





Punch Step CR 





==: 
4 .64 us.in Duration 


Punch Check CB 


Feed Check Time Base | 





MFCU Clock A (reset) 


Diagram 2-055. Feed Check *: 













163.4) ) 
Heese (64a uss le $3 (SS every 164 us) 








164 us. Phase | 





MFCU Clack S30 





MFCU Clock ¢ 





164 us. Phase 2 





MFCU Clock D 








B Hammer Muet « 


Gear 
Emit Ck, 


Gear Emit Check 













not) Degate Gear Emit Decode POR or NiP2O 


Motor Rady 2 





Condition Gear Emit Ctr Adv 


* 


~ Miscellaneous Check Lite 20 (5424) 
: {NO 


MFCU Clow C 
(1.28 55) (1.26 ms phase |) 








(SS every 1.2€ ms) A 
FF 
* 
p Fire CB 
E (1.28 ms prase 2) Print Mech Busy Check Fire CB Check 
MFCU Clock B Lt A fea ee es 4 on 
FBIS2 Moter Ready 2 fad EL —— a 
Reset No-Op i 
Reset Print Data Shift Reg ~G Feed Check 20 - Indicates that either the Gear 
FBIS2 Emitter or the Fire CB is not 
FBIS2 working property 
A gear emitter check turns 
Gear Emitter Check on check lite 20, turns off 
ready lite, and steps the 
a 40 80 120 {60 200 240 280 320 360 MFCU. 


A Fire C3 check turns on 
check lite only. 


Time (us) 


164 us. Phase | 


164 us Phase 2 


(model A |) Condition Geor Emit Ctr Adv 
Set Gear Emit latch 


(model A 2) Condition Gear Emit Ctr Adv 
Set Gear Emit latch 


Set ‘gear emit check’ if 
previous ‘gear emit CB' pulse 
did not occur. 


Time (ms) 





1.28 ms Phase | 


1.28 ms Phase 2 i pe en a ort a en et ea see ee Note: All pulses .75 us. duration. 
Reset Print Data Shift Reg | | | | | | { 


(approx every 640 us.and 160 ns duration) 
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Diagram 2-060, Print Data Check 


2 Vv 3 Vv 4 ¥ 





and prior to Character Count | 


Enable Print Data Checks 
Print Sync Check - Checks that Home CB occurs 


during Print Character Count 0 
Print Wheel Home CB 






(12/69) 2-060 


5 e 6 v 7 yr 8 Y 9 







































Print Character Count | . a 
Dat Hom Ck Gt” Enable Print Data Checks * A Ss » Print Home Check 
MFCU Clock C . Print Character Count 63 (Print Data Home Ck Gate) ; 
Print Wheel Home CB f A Print Data Home C8 Phase 2 F } 
A MECU Clock A * A 
Reset No-Op 7 
e FB6I2 
Prt Home 
Db Gt 
FL i 
MFCU Clock 8 Fo® | Print Dota Check > 
> MFCU Clock D Diag 5-055 
FB6I2 Print Character Count 0 
(not) Print Wheel Home CB ‘. Allow Doubi R 
B MECU Ciock B * FL Prt Syn 
(print data home CB phase |) ; Check Print Sync Check 
Enable Print Dato Checks > PEL 
FB6I2 
Reset No-Op s 
FBOI2 
0 200 . 400 009 8co 1000 1200 1400 1600 1600 2000 2200 2400 
Cc Time (us) \ \ | 
Print Fire CB 
Print Char Count 63 
Print Char Count | 
Print Home Double Gate i Note | 
D Allow Prt Home Dblr Gate POR AAD aOR ere SO bee tok tyre meas 
Print Data Home CB Phase | i Note | coh 
Print Data Heme CB Phase 2 | Note | 
Print Home Check - Checks that Home CB occurs 
Be after Print Character Count 63 Print Char Count 0 








Note 1: Leading edge of ‘Print Wheel Home CB' must occur from | to 500 us. 
after the leading edge of the’ Fire CB. Timings of ‘Print Home Double Gate', 
‘Allow Prt Home Dblr Gate’ and 'Home CB' will shift with ‘Print Wheel Home CB!'. 


Diagram 2-065. Print Clutch Check (Part 1 of 2) : (12/69) 2-065 


2 Vv 3 OW 4 Vv 5 Vv. 6 v 7 Vv 8 Vv 9 












Clutch : Check Delay Counter 
tring 1) {ring 2) : (ring 3) (ring 4) 


OR, 
31 
Print Fire CB ; ae? 
== ees ee 
estes ee 


Print 4 lines Diag 


(ring 5) 






Diag 5-245 


Lost Print Clock Delayed 
(Adv Prt Clk Dly) : 


Last print clock delayed 
FF 


| (mete ae aren 
P ‘ . 2 5-240 
(not) Print Fire CB (reset) , § iady print clock delay) (ring B) x (Print clock delay B» as (Clutch Ck Gt) 
) ‘ FF LAB ce bree ncg FF 
FB531 : 
N A : 
a a 


FB531 FB531 





FB 531 


{not} Print Ciock Delayed 


POR or NPRO 
tnot) Last Print Clock Fees LO EPRI Sree RIEL [ox 


Condition Print Ciock Adv 


Pit Clth Ck 


* Print Clutch Check 
trot: Last Print Clock FL EH 
Diag 5-060 


Reset No-Op 


FBS31 


A Print Fire CB 
Delay Counter Ring | 
Delay Counter Ring 2 
Delay Counter Ring 3 


Delay Counter Ring 4 


en 


Delay Counter Ring 
Advance Print Ciock Delay 
Delay Counter Ring A 

> Delay Counter Ring B 
Lost Print Clock 
Last Print Clock Delayed 
Clutch Check Gate (3 lines) 
Print Step CB (3 lines} 

> Clutch Check Gate (4 lines) 
Print Step CB {4 lines) 


Print Mech Busy 


I > 3 4 5 6 7 8 9 0 HW 2 13 4 16 % 7 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 4l 








SER Tiere eee 

















' i 
| I (A off B on) 
D Step CB Must Occur During This Gating (3 lines) | { S 
: | 
| i (A on B on) 
Step CB Must Occur During This Gating (4 lines) | ! 
| 1 
{ I 
Clutch Check Sample Time (not last print clock) aE 
tl 
| 2.732 ms 
a Note |: Last Print Clock is on for 25 ms. inject CB resets clock . 
4.354 ms | Note 2: Clutch Check Gate FF must be reset by Step CB prior to 


Diagram 2-070. Print Clutch Check (Part 2 of 2) 


Last Print Clock und Deliy Counter Ring B being reser. 
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Diagram 3-005. MFCU Attachment Data Flow 
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Diagram 3-010. Read Data Flow (12/69) 3-010 
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Diagram 3-015. Punch Data Flow 5424 Attachment FEMDM (12/69) 3-015 


Diagram 3-020. Print Data Flow 
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Diagram 3-030. Card Feed Path (Part 1 of 2) 
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Card Feed Path (Part 2 of 2) 
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TOP VIEW 
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7 
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@ Stepper CB 


Cm Fe Utz U = , 
Punch Station 

Pre Punch $ 

Poy z 

ao aS @ ch Registration a i is 

eS Card Aligner [=] @ foal) 


Rolls 


ee ® Read Station 


Print Stepper 
Clutch Magnet 









Corner 


Cell 






Punch Stepper 


Gate Assembly Cover Assembly 







Punch Registration - Corner Station 


Eject Pressure 
Roll Assembly 


\ 


@ Card Aligner Rolls 





— @ Corner Inject 
Feed Roll 


= 


Punch Stepper Drive 


=? Feed Roll! 
® Punch Registration 


‘QD Punch CB (outer) 


Feed Roll 
| Bi-Level (@ Punch Step CB (inner } 
@ Wait inject Wait Station Punch Registration 


Pressure Roll 
Feed Rolls 


7 Read Gear Emitter 


® Comer Station 
Aligner Roll 
Magnet Assy 





_® Print Inject CB 
@ Print Kick CB 


te SIDE VIEW 


NOTE: CR indicates continuous running. 


$424 Attachment FEMDM 





@ Print Wheels NN 


Corner Kick 
Magnet 


@ Print Home CB 
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BACK VIEW 


3-031 


MFCU 
(b 


—————d FBI72 
tons ! 


MFCU CLOCK 


FF 
Channel | Oscillator * {| "|e 


| 1.28 us | 
--—HH_—@@@_@_@_______—__+! 


Ose Divider 


: 
IN + MFCU Clock A 
FBI72 





The MFCU clock contains an oscillator divider, a clock, and 


a clock decoder, 


tp) o—= [e_MECU Clock 8 


>» The oscillator divider contains three flip flops that increase 


put signal. This 1.28 microsecond output signal is used to 


the 160 nanosecond input signal to a 1.28 microsecond out- i 


step the MFCU clock. The output from the two flip flop 


MFCU clock is then decoded by the clock decoder. 
The clock decoder generate four MFCU clock signals: 


'MFCU clock A' 
- 'MEFCU clock 3' 
- "MFCU clock C' 
«  'MFCU clock D' 


&WR = 


These clock signals are used by the MFCU attachment to 
synchronize electrical-mechanical operations. 


Time (us.) 

Channel | Cocillotor 

Oscillator Divider FF | 

Oscillator Divider FF 2 
> Oscillator Divider FF 3 

MFCU Clock FF A 

MFCU Clock FF 8 

MFCU Clock A 

MFCU Clock B 

MFCU Clock C 


“MFCU Clock D 


Diagram 4-005. MFCU Clock 
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Diagram 4-010. Data Bus Out Register and DBO Parity Check 
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Ol DEC Bit P 


CPU FEMD 4-100 


DBO Bit 0 


DBO Bit 2 


| 
| 
| 
| 
| DBO Bit 
| 
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| 
| 
| 
| 


w 


| DBO Bit 


> 


| DBO Bit 


| DBO pir 5 


HO IF DBO Bit 7 


CPU FEMD 4-100 


3 


Clock 5 


DBO Registers FCIO2 





v y 5 ¥ 6 v 7 v 8 


Fcioz | FCN 






«Not P Bit 
N re 
iN Al FL 


Clock 5 


2 DBO Bit 0 | 





(Bits O-{ Odd) 


Bits 2-3 Odd) 













DEO Bit 2 


DBO Bit 3 






(not) DBO P Bit 





DBO Bits 0-I-2-3 Odd) 








(DBO Bits 4-5-6-7 Odd) 


Clock 5 








(DBO Bits 4-5 Odd) 






DBO Bits 6-7 Odd) 





iS 
DBO Bit 6 
DATA BUS OUT REGISTER 
Eight data bits and one parity bit are transferred to the MFCU 
attachment unit by the data bus out (DBO) lines. These data 
bits are sent to the DBO parity check circuits and to the eight 
data bus out register latches. 








DBO Bit 7 


The parity check circuits check each date byte sent to the 
MFCU attachment for odd parity. 


Date sent over DBO is set into the DBO register latches by the 
CPU ‘clock 5’ signal. The next CPU 'clock 5' signal either 
gates new data into the register or resets the register. 


FCII2 DBO Parity Check 
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nose Bits O Thru 7 Odd) x | Ey » DBO Pority OK 


4-010 


Cc 


Diagram 4-015. DBI Parity Generator 





Diagram 4-020. DBI Assembler 
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FDI72 
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(DBI Bits 2-4 Even) N 
* P Gen Bits 0-2-4-6 (Even) + : 
Fo | (DBI Bits 0-6 Eveni N 


See Diagrams 5-055 and 5-060 
for sense byte generation. 
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SDBO [Ag 
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/ Gote Status N 3 Byte | 
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Ind NO Byte | Bit (x 
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Gate Indicator N 









Ind NI Byte 2 Bit (xX) 


Read or Punch Check Bit (X) 


Clk 0 Thru | Clock O Thru | 
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8 DB 


See Read and Punch operation 
for DBI source data. 


FC302 
Clock IC - is Data Time Clock IC or 3C 
Clock 3C - is Mod Lo Time 
Clock 5 - is Mod Hi Time i Clock 5 






OR 


FD272 


7 7 


The two unused legs of the 
exclusive OR (A) will always 
be at a down levei. The our- 
put of the exclusive OR will 
always be at a down ievel. 
This will keep an up level on 
the upper leg of the exclusive 
OR (B). 


oe P Gen Bits 0-2-4-6 (Odd) 


P Gen Bits 1-3-5-7 (Even) . 


ea + Chan DBI P Bit [voR 


FD!72 CPU FEMD 4-100 


MFCU SNS EB Cycle 


Any MFCU IO Cycle 


* 
Gate DBI 
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MFCU SNS EB Cycle, 
Gate DBI 
Any MFCU 10 Cycle , 
FD272 


OR 


Chan D8l Bit (X) 


CPU FEMD 4-100 


PH Strobe 8 LAG FL 


PH Strobe} PH Strobe A 8 


An 8 ina block indicates 
8 duplicate circuits. Only 
one DBI bit is shown. 


To Parity Generator} 
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Diagram 4-022. 1-Q Register 
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Lay FL 


SIO Command Sample 
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S1O. Command Sample 





{not} IQ Bit 5 
(not) 1Q Bit 6 N Decode 9 
(not} IQ Bit 7 «| 
(not) IQ Bit 5 
(not) IQ Bit 6 | A | N Decode | 
iQ Bit 7 Execute Print 


Execute Punch 








iQ Bit 6 


a a 







TIO Condition 2 Met 





Chan Rd/Fd Busy Execute Punch 


Ty 






IQ Bit 5 
not) IQ Bit 6 A N Decode 4 
not) IQ Bit 7 
Execute Read 
IQ Bit 5 a 
not) IQ Bit 6 A N Decode 5 Le 
IQ Bit 7 


FCI32 


IQ _Bit 5 
1 bir 6 . N Decode 6 510 Command Semple 
not) IQ Bit 7 Executive Feed 
IQ Bit 5 a 
iQ Bit 6 N Decode 7 
IQ Bit 7 A 


Fcl22 i-Q REGISTER ae 


The I-Q register is a four bit register that is loaded during 
the [-Q cycle of an MFCU instruction. During the MFCU 
instruction I-Q cycle, bits 4, 5, 6, and 7 are gated to the 
1-Q register by a CPU ‘I-Q clock 5C' signal. 


The function to be performed by the MFCU is defined by 
decoding the output of the I-Q register. The functions 
performed depend upon the programmed |/O instruction. 
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Reod-Punch-Punch Ck Counter 
e Keeps track of read, punch, or punch 
check cycle. steals 
° Advanced at clock 6C and clock 7 on 
> read operation and punch check operation Bit 1 used in diag. mode only 
e Advanced at clock 1 and clock 7 on punch 
operation 
e Two advances necessary to change count 
. Diag. read or punch = one advance per 
cycle steal 


Diagram 4-025. Read-Punch-Punch Check Counter $424 Attachment FEMDM = (2/71) 4-025 


Diagram 4-027. Gear Count Emitter and Decode 


7 Vv 


Gea Emitte: C8 





P MECU Clock 8 


Felli 





a Bir 512 % 
fad ; Leading Edge 
Allow Read 


Condition Gear 


Dot Gr Emit Degate Gear Emitter. Decode 


MFCU Clock B 









Emit Ctr Adv 


FB321 


(Reset) 


FB32I 


(Reset) 


(Reset) 





FB321 












F321 


(reset) 


Pt 


Bit 512 





FB321 


Note: Bit 5!2 FF is Reset On - 








(2/71) 4-027 


yv 8 v 9 


« Gear Count [+3+5+7-9-1! 
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K Geor Count Il Clk B 
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GEAR COUNT -EMITTER AND DECODE 





The gear counter emitter is a 10 position binary 
counter. This counter, olong with a decoder and 
other read control circuits, controls reading 96 
columns of card data and sends the card data one 
byte at a time to the CPU. 


The counter is normally reset until the leading 
edge of the card covers the read station photo- 
electric read cells. After the leading edge covers 
the read cells, the counter is stepped by read gear 
emitter CB pulses from the MFCU. 


The counter then counts from zero to 46, resets and 
starts counting again. At count 46, card columns 1, 
33, and 65 are ready to be read. Counts of 1, 5, 
and 9 gate data into the read data register. Counts 
3, 7, and 11 gate data into the read check register. 
During count 11] read cycle steal request signals are 
sent to the CPU to start data transfer. 


The counter counts consecutively after the reset at 
count 46. When the counter reaches count 528, the 
read operation ending sequence completes the read 
function. For each card column group read, the 


= ] counter decoder generates counts of 1, 3, 5, 7, 9, 
@ and 11. These counts read data from the card and 
start data transfer to the CPU. 
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a s PUNCH CB COUNTER AND DECODE 
Model A | 60° 83° 178° 252 316 


Punch CB we es 


This two stage binary punch CB counter and 

decode activates the punch pick, the punch 

hold, the punch de-energize, and the punch 
check circuits. 


Punch Step CB 5 Each 'punch step CB' pulse from the MFCU 
resets the counter. The counter is stepped by 
the ‘condition punch CB control advance’ 

mg signal during MFCU clock A time four times 
per card column group (three tiers) punched. 





Punch CB Cntr Ring | 








: The outputs from the decoder determine when 
Punch CB Cntr Ring 2 ree ne a RELI RAR IRE the punch magnets are to be energized and 
de-energized. Also, the counter gates the 
punch magnet hold current. 
Punch Hold CB —_——_______ ne 
. Checking of a column group that was punched 
—>{|*— 0.04 us occurs at the beginning of the next card col- 
Punch Check CB i umn group to be punched. 
Punch Pick CB SMES 


Diagram 4-030. Punch CB Counter 5424 Attachment FEMDM (2/71) 4-030 
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Diagram 4-035. Punch Step CB Counter and Decode fail} 4038 
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PUNCH STEP CB COUNTER AND DECODER 


The punch step CB counter is a six stage binary counter that 
is used to control punching data into a card. 


> This counter is reset before a punch function by an ‘MFCU 
clock D’ signal and @ punch not busy condition. The counter 
is stepped during a ‘punch step CB' pulse (from the MFCU 
punch unit) by an MFCU clock B signal. 


Punch Step Count 5 


Outputs from the counter are then decoded and used to con- 
trol the punch operation. The decode circuits are degated 


whenever the punch CB counter is being stepped. Punch Step Count 36 


ot) Punch Unit Bus : 
MECU Clock D * 


Punch Step Count 37 
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DBO Bit 5 or RPR C2 


D DBO Bit 6 or RPR C2 


OBO Bit 7 or RPR C2 


Diagram 4-040. Punch Data Register 
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Diagram 4-045. Print Cycle Steal Request Counter 
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PRINT CYCLE STEAL REQUEST COUNTER 


The print cycle steal request counter is a seven position 
binary counter. This counter is stepped after each ‘print 
fire CB‘ pulse by the ‘set print CS request’ signal. 


The counter counts to 64; thereby, indicating one complete 
revolution of the print typewheels. After the count of 64, 
all characters on all typewheels have been optioned for 
printing. The next operation may be a carriage shift, or an 
advance to the next line, or the print operation may be com- 
plete at this time. 


Print Cycle ) Steal ] Request Counter 
(4) (8) (16) (32) (64) 
FF FF FF : 
P PE D Pp P 


64th Chor Cv 


* LAR FL 





Seven Stage Print Cycle Steal Request Counter Print Dota 10 Cycle 
*&f 


Load Print Data Renk | F8602 
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PRINT 1/O CYCLE COUNTER 


A The print 1/O cycle counter is a five position counter that indicates 
the ‘last print data I/O cycle’ for each group of comparisons made by 
the CPU. 


This counter is stepped after each comparison is made by the CPU. 
After the print character count value for each typewheel has been com- 
pared with the character codes in the print crea of core storage (16 
comparisons for mode! AZ machines; 8 for model Al), the ‘last print 
data i/O cycle’ signal is used to modify the LSR address so that 16 more 
> comparisons can be made for the next print character count. The counter 
is reset and dbunting begins for the next group of comparisons. 


After a complete revolution of the typewheels, the LSR address is modi- 
fied accordingly to select the correct core storage address for printing 
after a carriage shift or to begin printing the next line. Remember that 
the LSR address is modified after each cycle steal request. 


Set Any Prt LOC 
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Diagram 4-050. Print I/O Cycle Counter 5424 Attachment FEMDM (2/71) 4-050 
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Diagram 4-055, Print Clock (2/71) 4.055 
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P i FB552 FB552 FB552 I 
eae I a a ee oe J 
| (high bit 1) thigh bit 2) P 
t \ PRINT CLOCK COUNTERS 
| There are two print clock counters that control 
t i the print function and synchronize attachment opera- 
Gt Prt t \ tions with the MFC mechanical operations. These 
Print Clocks 4+10+16+22+28 Clk Hi t : counters are the low print clock counter and the high 
D FL 1 | print cloc.: counter. Each counter is a three stage 
{ | counter. 
ie int Clock Ad | a : | The counter control inputs are the MFCU clock pulses, 
Condition Print Cloc! vance * High Print Clock Counter | the print kick CB pulses, the print inject CB pulses, 
FB562 | | and a print mechanical busy signal. 
i | The start conditions of the print clock counters are: 
Le Ge eS ee 4 tae 
b> 1, High print clock counter equals 111 (binary). 


2. Low print clock counter equals 000 (binary). 


After the print mechanical busy line is activated, the 
low print cleck counter is stepped by each print kick 
CB pulse or a print inject CB pulse. The high print 
clock counter is stepped as a result of activating ‘print 
clocks 4, or 10, or 16, or 22, or 28' line. The low 
print clock counter is reset each time the high print 
E clock is advanced. 
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Diagram 4-060. Print Clock Decode 
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PRINT CLOCK DECODE 


The outputs of the print clocks are decoded and used by the 
print control circuits to control the print operation. 
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Diagram 4-065. Print Data Shift Register (Part 1 of 2) 
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Prt Shift Reg Bit D 








Prt Shift Reg Bit E Prt Shift Reg Bit F 


(reset) 


Load Print Sample 2 


PRINT SHIFT REGISTER 


The print shift register has 16 bit positions (model A2 
machines). On model Al machines the print shift 
register has 8 bit positions. The character count that 
represents a specific character on the 16 (or eight) 
typewheels is compared with each corresponding char- 
acter code stored in core storage. Sixteen (or eight) 
E comparisons are made for each character count value. 
(Note that the same character is ready to be printed 
by each typewheel for each count value.) As the com~ 
parisons are made, the compare result is sent to the 
attachment over DBO. The ‘gated print compare’ (or 
no compare) is gated into the print shift register. Each 
‘lead print sample 2‘ and ‘load print sample 1' signals 


FD 302 









Prt Shift Reg Bit G 


Prt Shift Reg Bit H 


shifts the data in the shift register one bit pos- 

ition (See 4-070 and 4-072). After 16 (or eight) 
comparisons are completed, the data is gated into 
the print data register buffer. From the buffer the 
data is set directly in the.print data register. The 
set always overrides the reset. The print data reg- 
ister output positions are then gated by the ‘print 
time switch' signal to energize the print magnet ham- 
mers. After printing of the first character group, the 
print data register and the shift register are reset. 
The fogic circuits are ready to receive comparison 
signals from the next character count sent to the 

CPU from the print character counter. 
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Diagram 4-067. Print Data Shift Register (Part 2 of 2) 5424 Attachment FEMDM (2/71) 4-067 


Diagram 4-070. Print Data Register (Part 1 of 2) (2/71) 4-070 
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PRINT DATA REGISTERS 


Two 16-bit (or two 8-bit) registers make up the print data registers. 
The print, data buffer register receives data from the shift register. 


Data is gated into the print data buffer register by the ‘load print Print Data Register 


Print Data Register 











euler Print Date Register data rank 1' signal. Data is transferred (without gating) to the Bulhet Fini: Pate: Register 
print data register (the set overrides the reset). The outputs from the 
A print data register are gated by the 'print time switch' signal to 
energize the selected print hammers optioned during the 16 (or eight) 2 
character count comparisons. After printing, the print data register 
is reset by a ‘load print data rank 2' signal. 
« Prt Hammer Bit 16 Bit 4 | Prt Hammer Bit 12 
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_ Prt Hammer Bit 15 Bit 3). Prt Hammer Bit II 
Prt Shift Reg Bit B Prt Shift Reg Sit F 
E FL 
Prt Hammer Bit 14 Bit 2 | Prt Hammer Bit 10 
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Diagram 4-072. Print Data Register (Part 2 of 2) $424 Attachment FEMDM (2/71) 4-072 
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PRINT DATA COUNTER 





D The print data counter is a three stage counter 
used (1) to control gating to the print data reg- 
ister buffer, (2) to reset the print shift register 
and (3) to enable the load print data rank 2 
counter. 

Be Print Data Counter 
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Diagram 4-074. Print Data Counter 5424 Attachment FEMDM (2/71) 4-074 
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Ciagram 4-075. Load Print Data Rank 2 Counter 
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The print character counter is a six position binary not a - 
counter. Each count value represents a 6-bit card Print Character Count | {not “ Z 
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character code. 


The 'print data home CB' pulse from the MFCU results Print Character Count Bit 2 


D in resetting the print character counter indicating the 
home position of the print typewheels. 
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LOAD PRINT DATA RANK 2 COUNTER 
The load print data rank 2 counter is a four stage binary 


counter that is used to control set and reset of the print 
data register. This counter is initially set to 0001 (bin- 


ary). 
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Diagram 4-085. Print Side Motion Counter and Decode 
»> " O30 © OO OOOOHOOIHAIOHOOO e+ 5 OO Ne OOOIOOOOO 
Corne: Kick Counte: 
(n (2) 14) 


(not) Corner Kick Delayed q ocr : FF 
Feed Check Time Base 4 . A oi Pp p q 


FBO3! FBSaI FB53! 
Corner Kick 
“ (rese~) 
Motor Ready 2 


Corner Kick Councer 









7 8 7 9 


(not) Degare Geor Emit Decode 


Side Mors 
Mag: 


: ~_ Print Side Motion Mag 
t § 
= = 4 i ° 


POR or NPRO 


FBSS2 


Print Inject CB 
Ba ere pet A 
inot) Print Mech Busy 


PRINT SIDE MOTION COUNTER 


The print side motion counter is a three stage binary 
counter. This counter is used to make sure that the 
side motion cam in the MFCU is at high dwell be- 
fore energizing the print side motion cam magnet. 


O00 OOo OOOO 


. Corner Kick Deiayea 
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Model Al 12.80 - 15.36 ms 
Model A2 6.40 - 7.68 ms 


CORNER KICK COUNTER 


The corner kick counter is a three stage binary counter that 
checks card entry into the print station. This counter is held 
reset until a card covers the corner station card cell. This 


Diagram 4-090. Corner Kick Counter FBS3} counter then provides a delay so that the card can settle down 
in the corner station before energizing the corner kick megnet. 
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Diagram 4-095. Motor Stop Counter 


The motor stop counter is a three stage binary counter that 
is used to stop the MFCU motor after both hoppers cre 
placed in a not ready status. 
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Diagram 4-100, Feed Check Time Base Counter and Decode (2/71) 4-100 
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The feed check time base counter is a six stage binary counter 
A that counts from zero to 63, resets and begins counting from 
zero. This counter is stepped every 80 microseconds for model 
(a) ; Al machines (40 microseconds for model A2 machines) by the 


‘condition gear emitter counter advance’ signal. 
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P n and gate various feed check circuits. 
ee Feed Check lime Bose 2 (T = 2.56 ms) The decode circuits are degated whenever the counter is 
pee being stepped. Counter positions 4, 8, 16, and 32 feed the 
A feed check time base decode circuits to generate five feed 
check time base signals. These time base signals are used 


(32) Feed Check Time Base 3 T =5.12 ms moo A | to drive the various feed check counters (hopper, wait, 
FE T= 2.56 ms mod A 2 corner, and stacker) for feed checking. 
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> Diagram 4-105. Pick Print Stepper Clutch Delay Counter 
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Diagram 4-110. Up-Down Counter 
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PICK PRINT STEPPER CLUTCH DELAY COUNTER 


The pick print stepper clutch delay counter is a four stage 
binary counter that is used to control the time duration of 


Steppe: Clutch Delay Counter 
(25 4) (8) 


the pick current to the print stepper clutch magnets. This 
counter also controls the time between de-energizing and 


energizing the print stepper clutch magnets while advanc- 


ing the card to the next line of print. 
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hopper CB pulse (See 4-095). 
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The up-down counter is a two stage binary 
counter that is used to generate the ‘wait to 
stacker clear‘ signal. This signal allows the 
motor stop counter to be stepped by each 
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The up-down counter value can be stored by 
a sense command. The counter value is then 
used by the program to determine restart pro~ 


4-105,4-110 


Diagram 4-115. Nine Stage Time Delay Counter 
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NINE STAGE TIME DELAY COUNTER 


The time delay counter is a nine stage counter that is used to turn 
off the MFCU motor if no MFCU SIO command is given within 
about 30 seconds after the completion of the last feed command. 


The counter is stepped by the 'print inject CB' pulse sent from the 
MFCU to the attachment. The nine stage time delay counter is re~ 
FB252 set and starts céunting from zero after each accepted MFCU SIO 
command. If the counter reaches count 256, no MFCU SIO com- 
mand was given within 30 seconds. The 'no command time out' 
signal is generated which results in stopping the MFCU motor. 


An MFCU SIO command er an NPRO starts the MFCU motor. As 
the motor starts MFCU mechanical motion, the nine stage time de- 
lay counter is stepped by the 'print inject CB' pulses. At count 
three, the 'motor ready 1' line is activated. At count 5 the ‘motor 
ready 2' line is activated. MPFCU operations start after activating 
the 'motor ready 2’ line. This time delay allows the MFCU motor 
to reach operating speed before starting card movement. 
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Diagram 4-140. Stacker Selection Registers (Part 1 of 2) 
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STACKER SELECTION REGISTERS 


The stacker selection registers consist of one 3~position 
register and five 2-position registers. 


Stacker 
Magnet 7 









Bits 5, 6, and 7 of the SIO control code are used to select a 
stacker pocket. Note that a card sent from the hopper al- 
ways, stops in the wait station. No SIO stacker selection is 
necessary if the selected wait station is empty. The first card 
remains in the wait station until the next SIO instruction. The 
stacker selection information of the SIO Control Code pertains 
fo the card in the selected wait station, not the hopper. 
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Note: An NPRO operation selects stacker pocket |. 


Diagram 4-145. Stacker Selection Registers (Part 2 of 2) 5424 Attachment FEMDM = (12/69) 4-145 
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Diagram 4-150. MFCU Meter Control 5424 Attachment FEMDM (12/69) 4-150 
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Diagram 5-015. Test I/O and Branch (Part 1 of 3) 
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Sense byte generation. 
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Diagram 5-040. Sense Instruction, E-B Cycle Timing (Part 3 of 7) (12/69) 5-040 
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Diagram 5-145, Punch/Feed Operation Flowchart (Part 3 of 11) 
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Diagram 5-195. Punch Check Cycle Steal 5424 Controls (Part !t of li) 
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Diagram 5-200. Print/Feed Operation Flowchart (Part 1 of 14) 
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Diagram 5-210. Print/Feed Operation Flowchart (Part 3 of 14) 


7 Vv 


Diag 
5-205 


Print | fine 
A of print 









Feed 
and no print 








Print 
request clock 






Diag 
5-215 Yes 


Set ‘print 
character 


request’ 





FBI92 
Activate ‘load 
print data 
rank |' 






FB622 


Set 'print C.S. 
request’ 












Send 'C.S, 
priority bit 4° 
to CPU 






respond DBO | and 


> Yes 





FB602_ 


3 


Diag 
5-215 


NOTE | 





yovenee ‘last 
print character 
ldetection' 






FB622 


Advonce 'print 







| character 
| counter’ 








FB602 
Advance ‘print 
Ics. request 
1 counter’ 
















RESET ‘PRINT 
DATA SHIFT 
REGISTER' 


(print data reg 
2)! from data 
in shift register 


Pick selected 
print hammer 
magnets 











Gate 'load 
print data 
rank 2 counter 





Advance 'load 
print data rank 
2 counter’ with 
20.48 u sec 
lock B pulses 





FBI92 
Activate ‘load 
print data rank 
2 










FBI92 


Rese* '(print 
data reg 2) 








FC4i2 


Set ‘print data 
10 cycle’ 





















| Advance print 
| 1© counter 


Set 'any print 
10 cycle’ and 
‘any MFCU IO 
cycle’ 








Send 'LSR Sel 
4' and 'LSR Print 
Sel 7' to CPU priority req 







Address 'modif 
+2! (‘modify 
~4' model A |) 


Lost print 
date 10 cycle 





Send ‘channel 
translate in’ 
to CPU 





priority bit 4' 
to CPU 










Send ‘print 
character 


counter’ to 
CPu 


Activate ‘gate 
address modify’ 










FC402 
SEND 'LSR 
SEL 41 AND 

“"LSK SEL 7' TO 
CPU 








Send "channel 
binary subt’ 
to CPU 












Any 
bits op DBO 





Activate ‘print 
compare! 





Shift ‘print 
shift reg’ with 
load somple’ 
turn on FF 
‘bit A’ if ‘print 
compare‘ 













Last print 
data 10 cycle 


Yes 



















Yes 






Diag 
2-215 






(12/69) 5-210 


Vv 8 Vv 9 






J Count 8 on 
j model Al 








Set ‘last print 
dara 'O cycie’ 





Print C.5S. 
req counter coun 


64 



























| Modify -28 
fer model A | 


Activate Yes 


‘modify -30° 







print character 








| Activate 
‘modify +1! 











Activate 
‘modify -29' 


Modify -27 | 
for model A | | 






Reset 'print 
data CS 
request’ 








Reset 'print 
priority request' 





Note |: Print request clock is made up of the following clocks 

for a 16 hammer machine (model A 2) 5, 7, 11, 13, 17, 19, 23, or 25. 
In addition to the above clocks, the following are active for an 

8 hommer machine (model A!) 8, 9, 14, 15, 20, 21, 26 or 27. 


Nete 2: The reset to the print data shift register will occur 
320 ns after print data rank |. This will allow the print data 
reg | and print data reg 2 to be set with the data from the shift 
reg before it is reset. 


Note 3: Print data rank 2 will try to reset print data reg 2 but 
any print data reg | FF on will override the reset. 


Note 4: During cycle steals modify +2 or +4. If last data 1O 
cycle modify -28 or -30. If C.S. counter count 64 modify -27 or -29. 
If last print choracter modify +I. 


Diag Diag 
5-210 5-210 





> Yes 






Last 
print character 


Carriage 
B assembly will 
be shifted 


mechonically 
to next pos for 
printing 





Diag 
5-210 


Move card to 
Cc next line of 


print 












Feed 


and no print 






Print 
clock 10,16,22, 
or 28 


Yes 






Printing 
4 lines 


Yes 


No 


Print 


clock 28 


Diagram 5-215. Print/Feed Operation Flowchart (Part 4 of 14) 


Print Yes 
clock 22 






Activate ‘last 
print clock 


Reset ‘print 
step clutch 








Drop ‘hold 
prin: step 
clutch mag 


FB521 


Set ‘inhibit | 
print clutch i 
hold’ 


Fp521 FB52) 


DROP 'HOLD 
PRINT STEP 


Set ‘gare print 
step courter' 
CLUTCH MAG' 










Fall feed 
check time base 5 





Yes 


Advance ‘pick 
print stepper 


clutch delay 
courter’ 












rint stepper 
clutch delay count 
9 





Yes 


FB521 FB52! 
Reset ‘inhibit 
print clutch 
hold’ 









Reset ‘gate 
print step 
counter’ 











RESET 'PICK 


PRINT STEPPER 
CLUTCH DELAY 








FBSI2 


Activate ‘last 
print clock' 





FB521 


Reset 'orint 
step clutch’ 





F852) 


Drop ‘hold 
print step 


clutch mag 














ICK 'HOLD 
PRINT STEP 






Set 'print 
clutch pick! 















PICK ‘PICK 
PRINT STEP 
CLUTCH MAG] 


Set 'gate 
print step 
counter’ 






Advance ‘pick 
print stepper 
clutch delay 
counter’ 










The card is 


I Reset ‘print | 
























moved mech busy’ 
mechanically 4.354 u sec 
from the print after ‘last 










station to the print clock! 
stacker. Drop 
‘print mech 


busy’ 


Print 


Mo 
tepper clutcn ieia. 
° 






count 7 



















Reser ‘print 
clutch pick’ 


Reset ‘gate 
print stesper 
delay counter’ 






Drop ‘pick 
print step 
clutch mag' 






END OF 
OPERATION 


5424 Attachment FEMDM =(12/69) 5-215 


Diagram 5-217. Print/Feed Print Timing Chart A-] Model Machine 


2 


Time (ms) Model A1 


Print Step CB 


Print Inject CB 


Print Kick CB 


Print Inject Gate 


Print Mech Busy 


Print Request 


Print Stepper Home 


Corner Cel} Dark 


Corner Kick Mag 


Card in Print Station 


Pick Print Step Clutch Mag 


Hold Print Step Clutch Mag 


Print Side Motion Mag 


Side Motion Carriage Asm 


Print LSR LIO CS Request 


Print Char Request Time 


Print Clock 





(2/71) 5-217 
Vv 3 v 4 WV 5 Vv 6 ¥ 7 yv 8 4 9 Vv 


25 50 76 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 





Note 

Step CB has no relationship to ‘Print Inject CB’ or 
‘Print Kick CB’. ‘Print Step CB’ can occur anytime 
Prior to the first ‘Print Inject CB’ shown. 


IL 
Emenee a 


Petunia eee tudinal See 











See See Diag 5-230 
Diag 5-225 Print Data C.S. 
Print LSR Request 
CS Request 


BE Lines 2, 3, and 4 not shown 





PRINT OPERATION A-1 MODEL MACHINE 


2 v 


A 
Kick CB 
> or 
Inject CB Starting 
Sequence 
8 | Count 1 
Print Clock 
> Advance card to 
line one and then 
Pick 
Print Stepper Clutch 
Cc 
> * Side motion 
Carriage move 
card to next 
Print position 
D 


Notes: 
Ai Machine MPTAR Address Modifications 


7 times 


@* so 
> -28 1 time t nave 
fi : 
: bay t 64th time 
'm°) 27 puts MPTAR at the 
starting address of the 
E next print position 
(B) +4 7 times : 
@) -28 1 time BS times 
> ~ ! On : 64th time 
+1 1 time 


+1 puts MPTAR at the 
start address of the 
next line of print 


Diagram 5-219. Print Operation A-] Model Machine 





a 
Note (A) | 
Counts | 
2 and 3 ' Count 4 Count 5 Count 6 








Take 
net Side motion 512 cycle steals 
carriage held up 
for entire print 
operation—no— 
early eject 
possible 





* 
Pick Fire CB 
Side Motion Mag- 
| 
! 





64 groups of 8 cycle steals 





Fire CB ea 
64 fire CBs pulses- 
one for each group 
of 8 cycle steals 


ee 


8 cycle steals 
to option a character 
to al! 8 print positions 


Print Line One 


Note () 


Count 7 






Fire CB 
Take 
512 cycle steais 


Note (@) 


Count 8 





Fire CB 
Take 
512 cycie steals 





Note 


Count 2 





Count 10 i 





Fire CB Drop and then 

Take Pick 

512 cycle steais Stepper Clutch 
Magnet 
Advance card to 
next line(s) of 
print 
* 


For print line 

two, three, or 

four operation 
(see table) 


Table 


Print Line Two: 
Count 17 same operation as count 5 
Count 13 same operation as count 7 
Count 14 same operation as count 8 
Count 15 same operation as count 9 


Print Line Three: 
Count 17 same operation as count 5 
Count 19 same operation as count 7 
Count 20 same operation as count 8 
Count 21 same operation as count 9 
Count 22 last print clock for three lines of print 


Print Line Four: 
Count 23 same operation as count 5 
Count 25 same operation as count 7 
Count 26 same operation as count 8 
Count 27 same operation as count 9 
Count 28 last print clock for four lines of print 





¢-—t—. 


Ending | 
Sequence 


Count 22 or 28 







| (see table) 


Drap 

Print Mech Busy 
Print Mech Busy 
Reset 4.35 micro- 
seconds after last 
print clock | 


5424 Attachment FEMDM (2/71) 5-219 


Diagram S-220, Print/Feed Print Timing Chart A-2 (Part 5 of 14) (2/71) 5-220 


2 Vv 3 V. 4 Vv 5 V 6 Vv 7 VV 8 V 3 


0 50 190 {50 200 250 300 350 400 450 500 550 


Time ims? Model A2 


Print Steo CB 


Print Inject CB 


Print Kick CB 


Print Request 





Print Stepper Home 


Print Step Clutch Latch 


Pick Print Step Clutch Mag 


Hold Print Step Clutch Mog 





Inject Gote 





Print Mech Busy 


eens cnet ee etc teacae oe ten aA tos 


Corner Kick Mag 





Print Side Motion Mag 


Print LSR LIO CS Request rs 


Side Motion Carriage Asm 


Line | Pos | Line | Pos 2 Line 2 Pos | Line 2 Pos 2 Line 3 Pos I Line 3 Pos 2 





Print Char Request Time 


Card in Print Station 





Corner Cell Dark NI eT rae 





Last Print Clock 


Print Clock 





See b See Diag 5-230 
Diag 5-225 Print Data C.S. 
Print LSR Request 


CS Request 


Print Line One Print Line Two 


Kick CB 


> or ee ae ——f L—___ fi ____fir__si_. -—lr——_____1_, 
inject CB Starting (A) (8) ; 
Sequence Note Note (B) Ending 


Sequence 


8 Count 1 Counts 2 and 3 Count 4 Count 5 Count 6 Count 7 Counts 8—10 ~ Count 11 Count 12 Count 13 


Print Clock Count 22 or 28 




















(see table) 


+ Fire CB Side motion Fire CB Drop and then For print 










Take carriages move Take Pick line three Drop 
> 1024 cycle steals | card to line one 1024 cycle steals | Stepper Clutch or Print Mech Busy 
Advance card to Pick even position Magnet Same operation | Same operation | Same operation Print line 
line one Side Motion Magnet ecuance card to as count 5 as count 6 as count 7 four 
Drop and then Pick side motion carriage line 2 (see table) Print Mech Busy 
Print Stepper Clutch held up for entire side motion carriage reset 4.35 


moves card to line 2 


c operation—no early acess microseconds 

eject possible Pp sfter last print 
clock 
> Notes: 
A2 Macine MPTAR Address Modification 
Table 
(A) Odd Position (1, 3, 5,... 29, 31) 
D 64 groups of 16 cycle steals Print Line Three: 


+2  =15 times ) Count 17 same operation as count 5 





-30 time § PEHUnes Fire CB , ri Count 18 same operation as count 6 
64 fire CBs pulses- ee te Se Count 19 same operation as count 7 
+2. 15 times ae ete SGeciereach group Ne \ Count 22 starts ending Sequence (last 
> -29° 1time 29 puts MPTAR at the of 16 cycle steals print clock for three lines of print) 
starting address of next 16 cycle steals 
even position to option a character 


to all 16 print positions Pent Ee Foe: ; 
Even Position (2, 4, 6, ... 30, 32) Count 23 same operation as count 5 
E Count 24 same operation as count 6 
Count 25 same operation as count 7 


+2. 15 times 63 times : 
-30 1 time Count 28 starts ending sequence (last 
print clock for four lines of print) 
+2 15 times Beene 
> +1 Tttme ) 1 puts MPTAR at the 
starting address of next 
odd position 


Diagram 5-224. Print Operation A-2 Model Machine 5424 Attachment FEMDM (2/71) 5-224 


B CPU Clock 





Gate Inject Gote 


Print Load LSR C.S. Request A ee 
C.S. Priority Bit 4 EEE 
> DBO Bits { and 4 (Honor Request) eee 


Any Print 1-O Cy and Any MFCU IO Cy ES 


Print Load LSR 10 Cy eS  _ 
LSR Sel 4 and LSR Sel 7 ee 
Cc Gate Address Modify See ee ieee 
Data on DBI SB a a ee ee ee OE ee 
See Note | 
> Note |: If Print Buffer 2 Busy Address 
Modify by 128 (80). If Print Buffer | 
Busy Modify by 0 (0 0) 


Diagram 5-225. Print/Feed Print Load LSR Cycle Steal Request (Part 6 of 14} 5424 Attachment FEMDM (12/69) 5-225 


Diagram 5-230. Print Data Cycle Steal Request Timing Chart (Part 7 of 14) : (12/69) 5-230 


2 Vv. 3 Vv 4 Vv 5 Vv 6 Vv 7 Vv 8 Vv 9 


CPU Clock 
Channel ! Osc 
A Print Clock 5 (Note I) 
Print Request Clock (Note |) 
Print Fire cB 
Data Rank i 
> Print Data CS Request 
Advance Print Char Counter 
Print Priority. Request 
CS Priority Bit 4 
B DBO | and 4 (Honor Request) 
“Print 10 Cycle ond Any MFCU IO Cycle 
Print Data 10 Cycle 
LSR Sel 4 and LSR Sel 7 
b> Modify 72 (+ 4 Model A 1) 


Gate Print Chor Counter to DBI Reg 





Gate Address Modify to DBI Reg 


Dato on DBi (hexadecimal values) 


Cc Gate Print Compare (Note 2) 


Reset Shift Register 


Load Print Sample 2 (Note 3) 2 { { 2 
Print 1O Cycle Counter Count 0 | Count | Count 2 | f Count 15 Count 16 Count 0 








Print Modify Minus 28 
Last Print Data IO Cycle 


Chonne! Binory Subtract 





Note |: Print Reavest Clock is Activated for the 
following Clocks (model A2); 5,7, 1,13,17,19,23, and 25. 
In Addition to the Above Clocks, the following are 
active for a Model A |; 8,9,14,15,20,21,26, and 27. 


Note 2: Gate Print Compare is Active Only if DBO 
has no bits 


Note 3: Print Shift Register will be set Only if DBO 
has no bits 


Tom Prt td LSR IO 


Diag 3-250 


(not) DBO Bit 0 Print Buffer 1 Busy 





fal FL FL 
{Q Bit 5 
SIO Commond Somple FCI42 
Print Buffer 2 Busy 
DBO Bit 0 Ay ei i 
Si POR mise Sys or POR or NPRO a 


ee 
FCI42 FCIS2 


Exe Prt 4 Line 
x * 


DBO 2 IR Bit 2 : fa] 53 
SIO Cmd Somple qa PY 
_ FCia2 





Diag 2-065 


Last Print Clock Delayed 


Feed Check 
Sys or POR or NPRO 


FiZ132 


Diagram 5-235. Print/Feed Print Buffer 1 or 2 Busy and Print 4 Lines (Part 8 of 14) 


Print Buffer | Busy 


Print Buffer 2 Busy 


Execute Print 4 Lines 


$424 Attachment FEMDM 


Diag 5-010, 5~055 


Diag 5-010, 5-055, 


5-250 


Diag 5-245 


(12/69) 


5-235 


Diagram 5-240. Print/Feed Operation Feed Controls (Part 9 of 14) (12/69) 5-240 


2 v 3 Vv 4 Vv 5 4 6 Vv 7 Vv 8 ¥v 9 


[co Mote Ready 2 Moior Ready 2 
Diag 5-300 


DE Print Clocks 1-10-16 -22-28 fab Hold Prt Step Clutch Mag (5424) 


Diag 5-245 
Lest Point Clock @= Coid ir Pint Station t Prt Step Cl FBS2i [CR» 


Prt Clutch Pk Diag 5-055 
A Diag 5-245 Se : Fe ie P 5 + Pick Prt Step Clutch Mag (5424) 
Execute Print ee Req Prict Request Last Print Clock A 


AA 



























































ee a FL POR 3: NPRO lore POR or NPRO | resol 
iag 5- z 
sv > “Punch Step Coun: 27 F @ FBS2! P lon Fea oe | 
, inh Pet 
Diag 9-170 log / Clocks j-id-1s-2242€ Cl Hig 
[oF Bint Clock 2 ree) eee. P+ 
> a Print Steppe’ Home FL 
Diog 2-245 Print Step CB AE POR or NPRO (gote prt step cntj 
(not) Execute Punch : fe @ lore QO 
: POR or NPRO x . an a 
Diog 3-030 (not! MFCU SIO IR Cycle Print Come: Kick lor - 
FBSOI BP ick Print POR or NPRO 
Print Stepper MFCU Clock A a 
Diag 5- 080 z Zs (not) Degate Gear Emit Decode FBS21 
B Motor Ready 2 fi Ck of Stepper Counter ; A 
fc» > k y ecd Ck Time Yase 9 Detoy Fe Decodé {print stepper cnt 9) 
[<0 , Diog 5-125 
Diag Corne: Cell Lite Counter ; : 
Diag N 
oe Berry y | 4-105 ny Led) 
inot) Cord im Puch Path A 7 : 
ee Eat f Print on Side Motion Mag 
Diag 5-170 oo A Diog f Side ‘ g * 
re ; MECU Clock B : 4-105 Moti ; ; i 
Pe [ex Condition Gear Emit “0. > f Feed ————— eg POR or NPRO Cree (bit a) A : FL Print Side Motion Mag (5424) 
(x Sone on ee Ent : ide —_—_—. E \ 
: 4 A § Check : 3 FFs 3 * f 
Diag 5-125 inets Feed Check : Motion Gt . : i 
sh a ree 1ec A Time bleedin F Diag POR or NPRO for] 
ae Bose = FL A plese 4. 085 FB552 
Co Ter. . 
Diag 9-245 Z POR NPRO , ; Print Inject CB 
(co) Motor Ready 2 lody i Feec Ck jime Base 2 aera! ore 
FooFFs i = (not} Print Mech Busy 
c Diag 3-399 | FB562 , o— 
Feed Ck Time tose 4 i Corner Kick Dela 
¢ Y En 
Diag . (sdv i. ff Corner : 
4-106 Motor Ready 2 7 B Kick (bit 2) : Diag 5-055 
! Counter ~ Corner Kick Delay + Corner Kick Mag (5424) 
Pri \ A N : A ; AR ——__ 
rint Req I 3 FFs {bit 4) T 
| J tr } 
> F353) STA Dig FBS3! 
4-070 






Corner Alignment Mag (5424) 






Corner Kick 
Corner Kick Count & 


DF Print Clock 3 * jor Inn Non-Prt Corner Kizic 
: FisSil FE2il Print Mech Bus 
not; CD in Prt Stat y > 
A 


Diag 5-245 FL — Corner Cell Dark * 
D POR or NPRO * Fg50l { Diag 5-245, 5-255 
(rot: Stacker Cnt | OR \ Print Time Switch [os ) 
; , : FB501 ge Ce . z 
not) Print Inject CB * Diag 5-060, 5-265 


Prt Mech Bsy 


[ps > Degate Print Clock Decode * + Prt Corner Kick print Corner Kiex Frint Mech Busy 
A A not) Fi Check * 
[A] FL gory (not) Fire CB Chec * 


Diog 5-245 = Motor Ready 2 : 
FOS! CD in Prt Stat POR or NPRO Ico > : oon 
oR] Dieg 5-300 FBSII Corner Kick Count 6 Prt Stat 
{AI | 


Last Print Clock 























FBSII 
et a Diag 5-245 
[ew Last Print Clock Delayed 


Dios 2-065 





Card in Print Stotion 











inj Gt to C3 Diag 5- 080 


Prt Inject Gt 
* 





E Print Stepper Home Gate Inject Gate 
Print inject C3 7 FL a 
foc» Condition Print Clock Advance POR or NPRO POR or NPRO Print Allow Punch Execute 
lor} JOR} ‘eo (not) Print Request [oR > 


Diag 5-245 Diag 5-060, 5-170 


[oF > Print Clock 3 FBSI Fest Gote Inject Gote [on 
Diag 5-245 Diag 5-250 





2 v 3 vv 864 Vv 5 y 6 vy 7 _v 8 Vv 9 


De .are Privt Cieck Decode 


Diag 5-240 


Condition Print Clock Advance 


Print Kick CB 


A (print CB) 9 Diag 5-240 
Print Inject C8 J 5-255 


Degate 
Prt Clk 








MEFCU Clock D (not degate print clock decode) 8 Hommer 


MFCU Clock A * Degate Print Clock Decode 
F8562 


Print Request Clock 










Diag 5-255 





Print Clocks 4 +10 +16 +22 + 28 






Q@ Print » 
. Print Clocks | +10 +16 +22 + 28 
Condition Print Clock Advance Clock [DE » 
B MFCU Clock C «| 4 Diag 5-240 
8 Decode Print Clock 2 [oF 
Condition Print Clock Advance Diag . Diag 5-240 
4-060 Print Clock 4 foe) 


Low Print Clock 


cu Clock C |, [Advance Low Print Clock wiles ath 
> FB562 e 3 FFs Print Clock 25 Line Prt (4th line of printing) E> 


(oP Print Mech Busy Diag 4-055 Diag 5-260 
Diag 5-240 * 
A : 
fs | Ei Reset Low Print Clock 






(not) Print Mech Busy 











c Prt 
Prt Load LSR 1O _ Allow Fd Gt 
Degate Print Clock Decode * Hioh Print Clock FL 
iv. kB ) a Advance High Print Clock i e . : POR or NPRO 
i 3 FFs Print Choc! Print Allow Feed Gote los) 
FBOI2 





Diag 5-170 


> Diag 4-055 


Reset High Print Clock 
Prt 4 Lines 
Print 4 Lines 


a m 
cr Diag 2-045 
2-065 


Execute Print 4 Lines 






Stacker Cnt | to Print 
POR or NPRO 


Gr Prt 


Print Clocks 4 +10 + 16 +22 +28 Clk Hi 


FL Print Clock 22 or 28 


> Condition Print Clock Advance a or Last Print Clock © 
FB562 Print Clock 28 : [ou 


Diag 5-240 
FBSIZ 


(or {not) Print Mech Bus 


Diag 5-240 
E Prt Load LSR 10 


Diag 5-250 


Execute Print 4 Lines 





Diag 5-235 


Diagram 5-245. Print/Feed Print Clock and Controls (Part 10 of 14) 5424 Attachment FEMDM (7/70) = 5-245 


Diagram 5-250, Print/Feed Print Load Cycle Steal Request Controls (Part 11 of 14) 

















aD MFCU SiO IR Cyele 
Diag o- 080 3 - Degate LSR Ld CS Req 
Execute Print S F 
aa» FL 
Diag 2-080 
A ley» Punch Reg PR | er 2 
Diag 5-170 FB222 
; wnorr Sik ©.S. Requesr 
Disg 5- 96 5 
Gare inject Gote LS La CS Req 
DIN E 
A 
> Diag 9-240 [ak FL 
Sys or POR or NPRO 
FB622 
B , Print LSR Loag 1O Cycle 
-€b Prt La LSR IO Inhibit 
(not) Clock 6 * CS. Req 
FCAI2 @ 
+ Sys or POR or NPRO 
E> Print Char Rea Time cs 
Request 
: 2 FB622 
> Diag 5-255 Ee Granted 
Fast DBO 4 % woe 
BK 
Clock & . 
Dieg 5-265 =e 
Fast DBO | 
EG 
Diag 5-265 


6 Any MFCU IO Cy 


Clock 2 Clk 2 Thre 3 Clock 2 Thry 3 
pose LAR 
> Clock 4 
FC302 
- Print Bufter 2 Busy 
[az 
Dicg 5-235 ey Prt Ld LS 1O 


. 


{gate address modify) 


FB632 


< Modify Prt LSR By 128 


FCI42 


Set Any Print lO Cy 


Print LSR 
@ Load CS Request 


FB632 


Print LSR Load CS Request 





(2/71) 5-250 


(not) Blk CS Request 








GR 


os f CS Priority Bit 4 (CPL on 
Amy MECU 10 Cy CPU FEMD.4-100 
— * > 


Diag 5- 080 


Diag 5-235, 5-245 


“ 
Print Priority Req A 
Clock 2 * 


FB662 


Prt Ld LSR 10 


Set Any MFCU 10 Cy 










Any MFCU 
i 
es ae Any MFCU 10 Cy 


oO 





LSR Sel 7 (CPU) op 


CPU FEMD 4-100 


Clock 4 
Clock 0 


FC4I2 


Set Any Print IO Cy 


\ Any Prt 
1O Cy 


Any Print 1O Cy 






LSR Sel 4 (CPU) a 
Sel 4 U for 


CPU FEMD 4-100 


Clock 4 5 Oe 
* 


Clock 0 





FC422 
x Print LSR Load 1O Cycle a: 
[al FL a 

Clock BC 
FC412Z 
2 DB! Bit 0 
DB! 
DBI (CPU) 
Assembler . 
Diag 
Clock | Cor 3 Cor 5 4-020 


Sys or POR or NPRO (last prt char pos) 














DT 


Print Mech Busy Diag 5-260 


Set Any MFCU IO Cy 



















* Chan LSR Sel Bit 7 


Diag 5-240 ust Prt Char Pos 


Char Position 


CPU FEMD 4-100 


Any MFCU IO Cy faz» 


Diag 5-030 
5-260 
cs 
Request 
Granted 


8 Hammer (jumper: 





Chan LSR Sel Bit 4 







es Fost DBO | 
Fast DBO | 














B Diag 5-265 _ Any Prt lOCy Any pet IO Cy CPU FEMD 4-100 
Fas: DBO 4 
aK » Fast DBO 4 Clock 4 
Diag 5-265 Clock @C Print Char Req Time 






Diag 5-250 


Print Data 10 Cy [ow 


: — 65 

rint Request Cloc " 5-265 
be 9, ta t 

> pa Ghat Req Print Char Req Time Prt CS PO RRE Cy Print Data IO Cy 


Diag 5-245 


FL Set Print CS Request Request » Print CS Request : A y * Fos | « Chan Translate In 
i FL Hi 
Sys or POR or NFRO d Q CPU FEMD 4-100 
c {64th char cy) OR Sys or POR or NPRO Clock 8 C FC4I2 


FB602 










Lest Prt Data 10 Cy FbS22 y 


Inhibit Req 





Chan Binary Subt 


Clock 2 * * Clock 2 Thru 3 * 
SDBO CPU FEMD 4-100 
Print © 


CS Req | 64th Char Cyc! 







MFCU Clock A 





Condition Print Clock Advance 





Clock 4 





Diag 5-245 Print Priority Request 


(64th char cy) 










Fas Diag 5-260 


7 FFs 


D (reset) fl Diog- 
N 4-045 


Load Print Data Rank | L Load Print Data Rank | 


Counter {bit 64) 
nm r Print Deta 10 Cy 
? ao Print Priority Request 


Chan CS Priority Bit 4 
CPU FEMD 4-190 


64th Char Cy 





o 


iag 5-265 
fsa fnot) Blk CS Req 
> Diag 5-'90 


Diag 5-260 






{not) Blk CS Req 





8 Hammer (jumper) 







Set Any Prt 10 Cv * 
Ciock 8 C 
Print CS Reques! - 



















Last Prt Data 10 Cy 


Counter 





ROO FFs 
Diag 4-050 


Diag 5-260 


Diagram 5-255. Print/Feed Cycle Steal Channel Controls | (Part 12 of 14) 5424 Attachment FEMDM = (2/71)_—«55-255 


Diagram 5-260. Print/Feed Cycle Steal Channel Controls 2 (Part 13 of 14) 


2 Vv 3 Vv 4 







Load Print Data Ronk { 


Diag 5-265 





Degete Prt Dec 









Print Char Count 0 






Print 
Character 
Counter 








Print Chor Count | 










Reset Print Shift Reg Print Chor Count 63 





Diag 5-265 FB622 
AZ» Any MFCU I-O Cy 


B Diag 5-255 


Clock 2 Sie eS Gio eta r 
$D8O ed A (gate address modify) 
FL 
Clock 4 . 


b> low» Print Data |-O Cy FC302 


(gate prt char entr) 


Diag 5-255 Clock 9 CO Tel Clack Oana 4 al 
‘| DBO 
BFL 
Clock 2 : 
c FC302 
8 Hammer (jumper) (6 hommer) 


Modif 





fox» Print Priority Request * ia 
Da +] ial 
f Print Data |-O C lJ 


pw» 


Diag 5-255 i 
Minus 28 or 30 | 


> py » 64th char_c 


Diog 3-255 


Modify By 2 


[pz > Last Prt Dota I-O Cy 


E Diag 5-255 


lor > (lost prt char pos) 


Diag 5-255 
oN» (not 4th Line of Printing) FB60z 


(modify bit 7) 


Diag 5-"*~ 






Bits 3 and 4 


(modify bit 5) 


(7/70) 5-260 


8 Vv 9 


+ DBI Bit 2 


PTT oe jens 
aie « DBI Bit 4 
DBI (CPU) 


re « DBi Bit 5 
P| | «DBI Bit 6 

Diag 
foe » DBI Bit 7 4-020 


Clock 1 € or 3 or 









DBI 


Assembler 








Print Char Count 0 ED. 


Diag 5-265 










Fa > (not) Print Char Count 0 


Diag 5-260 


row Print Data 10 Cy : : Print Time eager : Print Hammer Magnet Dr. (5424 
, 7 Loed Print Samole A z 
Diag 5-255 , Clock 6 8/16 


FESI 













A [ps » Print Time Switen 



























Diag 5-240 Fost DBO | 
- Diag 5-250, 5-255 
Fast DBO 4 
> Diag 5-250, 5-255 
Print 
Shift Dota 
Registe: Register 
| 
Bank 1) |(Bank 2) |* Print. Data Reg Bits 
DBO (CPU) ' 
B a 8/16 eee FLs 
Diag 
4~ 070 
Clock 5 
> + Reset) Lood Print Data Rank 1 E> 
. Diag 5-255, 5-260 
Channel t Oscillator (CPU) : Reset Print Data Shift. Reg 
POR or NPRO ot ds 
: Reset Print Data Shift Reg : Diag 5-260 


c : Print Fire CB (5424) 


Load Print Data Rank | 


MFCU Clock C , 





a Ne Load Data Rank 2 
D Gate Ld Prt 2 (Bit 2) inh ctr adv (inh cntr advance) 
Bi A - ; 
teed | ey ae 
(inh cntr advance) OR MFCU Clock A it 
FBI92 : rBIv2 MFCU Clock D , Q 


. POR or NPRO | ; Fet72 
> os Wash | +9 | 


(10.24) (20.48) (40.96) (81.92) (163.84) 


ECU Clock 8 | cen ne . v . - . Time (us.) ALS 
M *p. P . P P (164 u sec) : ; ; " " 
Print Load Data Rank 1 Voie ese a es i : ~ 


FBISZ FBIS2 FBIS2 FBIS2 FBI2 Load Data Rank 2 (Reset) fp | 





Diagram 5-265. Print/Feed Cycle Steal 5424 Controls (Part 14 of 14) ‘ . ee 5424 Attachment FEMDM 3 (12/69) . 5-265 
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Diagram 5-275. NPRO Operation Flowchart (Part 1 of 3) 5424 Attachment FEMDM = (2/71) 5-275 
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Diagram 5-290, NPRO Card Feed Controls and Hopper Controls (Part 3 of 3) 
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Diagram 5-315. IPL Operation Flowchart (Part | of 3) 5424 Attachment FEMDM (2/7) 5-315 
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Diagram 5-330. Diagnostic Read/Feed Operation Flowchart (Part 1 of 9) 
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Diagram 5-335. Diagnostic Read/Feed Operation Flowchart (Part 2 of 9) 
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Diagram 5-340. Diagnostic Read/Feed Operation Flowchart (Part 3 of 9) 
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Diagram 5-350. Diagnostic Read Cycle Steal Request Timing Chart (Part 5 of 9) (12/69) 5-350 
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Diagram 5-355. Diagnostic Read Cycle Steal Request Timing Chart (Part 6 of 9) 
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Diagram 5-360. Diagnostic Read-Punch Operation (Part 7 of 9) 
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